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SSBCROY AMD TIME BETA RAY SPECTRA OF FISSIOW PROIXJCTS 
OF V*99 BY FIS8I0II MBOTOOIIS AMD TJma*  BY 1» WBT WEOtROWS^/ 

IHTOODPCTIOK 

Th« primary purpose of this nunnorandum Is to prorldo a 

practical astlaato of the beta ray spectrun from fission 

products at short times after fission. 

The machine program developed to furnish this Info] 

tlon automatically provides the spectrum for later times at 

very little additional effort, together with the distribution 

of beta radiation by specific nuclldes. 

This Information has been developed and Is presented 

In this memorandum for 14 MEV neutron fissioning of U2** and 

also for U*38 fissioned by fission neutrons. 

WBTHOD 

The disintegration rate ß.,(t), for the J fission 

fragment of a chain «as generated by solving the differential 

equation for the decay chain and computing the activity ß..(t) 

at a series of times t. 

1/ Acknowledgement is made of"the valuable assistance given to 
me by Dr. George E. Pugh, Hiss Joanna Frawley, Mrs. Elaine 
Marcus«, and Mrs. Juanita Price in the development and 
calculations needed for this paper. 
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ß.Ct) was then multiplied by a function P1(B) which 

gives the probability that the decay yields a beta ray with 

kinetic energy E. The product ß.(t)p.(E)dE gives the 

number of beta rays at a given energy and time from the J 

Isotope> In the energy range between E and E + dE. 

The product ß1(t)p E) was summed over all known or 

postulated members of a specific fission chain with mass 

number A. This yields 

I ßjUJpj'E). (1) 

If the above expression Is then sunned over all fission 

chains with mass numbers from about 72 to 162, the complete 

energy and time function Is obtained for the beta activity 

from fission. 

ß(E,t)  - £ XßJ(t)pJ(E)      (2) 
A J 

INPUT DATA 

The complete summation expressed In equation (2) requires 

Input data of two general categories; they are: 

a. The Initial fission abundance of the Isotopes by 

chain mass number A and by charge distribution Z 

within the chain A.  This, plus the decay time constants, 

suffice to calculate ß..(t). 
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b. The beta ray «nd point energy E0 plus the forbidden 

degree of the beta transition. These factors enable the 

calculation of the probability function p.(E). 

The Initial mass yields from fission of Uaas by 14.7 MEV 

neutrons actually used In this development were experimentally 

determined and reported In Los Alamos Report, LA 1997. The solid 

line In Figure 1 represents data taken from LA 1997* The dashed 

line fills In the mass yields below A * 90. These were taken 

from the work of J. a. Cunlnghame^' and smoothed Into the Los 

Alamos results. Figure 2 gives the fission spectrum neutron 

mass yield from U23S fission.  This curve was synthesized by 

altering the thermal neutron yield so that the valley fragment 

yields were Increased to lie between capsule and 1 MEV neutron 

fission yields, the double peaks suppressed to lie between the 

known 1^ MEV and thermal yields, and the wings opened to half 

the difference between the 14.7 MEV and thermal yields. 

The distribution of nuclear charge In fission occurring 

within a given mass chain has been, and remains, a somewhat 

uncertain theoretical experimental problem.—^ 

1/ J. GL Cuninghame, The Mass Yield Curve for Fission of 
Natural Uranium by 14 MEV Neutrons, J. Inorg, NUCJL. 
öhem. 5, 1 (1957).  

2/ For a more complete discussion see L. E. Qlendenin, 
D. C. Coryell, and R. R. Edwards, Paper 32, p. 489, 
Radio Chemical Studies, The Fission Products Book 1, 
McQraw-Hill. 
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The postulate of equal charge displacement was used In 

this study to obtain the most probable division of charge 

between the two fission fragments of U*38.  The most probable 

charge^ division leads to equal (ZA - Z ) values for the 

two fission fragments, where Z  Is the most probable charge 

for the fragment and ZA the hypothetical charge of maximum 

stability for a given mass chain number A. 

It was assumed that the distribution of charge around 

the most probable charge  Z  Is symmetrical,, The fraction 

of the total Initial chain yield In any chain number Z Is 

calculated from Its Z - Z  value using Figure 52.2 on page 

^95 of footnote 2, page 3 of this paper. 

The equal charge displacement and symmetrical distribu- 

tion around this most probable charge appears reasonable In 

view of the experimental agreement for the observed shielded 

nuclldes Br82, Rb88, Ca138 and Xe135.  The fraction of the 

total Initial number of U235 fission products In various 

chain positions was determined utjlrtg the above^-procedure. 

1/ The most probable nuclear charge division defines, for 
primary fission products of a specific mass chain, the 
hypothetical Z_ value around which other Initial members 
of the chain are distributed according to the various 
charge distribution postulates, e.g., for the equal charge 
displacement postulate the predicted most probable nuclear 
charges for primary products of masses 82 and 86 are 32.4 
and 34.0. 
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The decay constants^ of more than  50 percent of the 

possible 412 fission fragments have not been experimentally 

observed nor Investigated. The decay schemes used by Belles 

and Ballove/ were used In the computations described herein 

for Uas8. Some 202 nuclldes half lives In these decay schemes 

have not as yet been observed but calculated values were used. 

In the case of the decay constants and Independent yields 

of ua38 by Ik MEV neutrons the values used were those calculated 

by P. J. Dolan3< in these calculations, the most probable 

charge for a fission fragment of given mass was determined 

according to the theory of Pappas-*' as extended by Pord and 

Ollmore .2/ 

It was necessary to assign a fraction of parent activity 

going to each Isomer where a chain contained an Isomerlc pair. 

1/ Latest data from D. Stromlnger, J. M. Hollander, and 
Q. T. Seaborg, Rev. Mod. Phys. 30, 585 (1958). 

2/ R. C. Bolles and N. E. Ballou, Calculated Activities and 
Abundances of U235 Fission Products, U.S. Radiological 
Defense Laboratories, TJS11RDL-45Ö. 30 August 1956. 

3/ P. J. Dolan, nampi^ Spectra of U_  Fission Products at 
Various Times after Fission, Defense Atomic Support Agency 
Report 525, May 1959. 

4/ A. C. Pappas, A Radlochemlcal Study of Fission Yields in 
the Region of Shell Perturbations on the Effects of Closed 
Shells In Fission, Laboratory for Nuclear Science, 
Massachusetts Institute of Technology, Technical Report 
No. 63, 15 September 1953. 

5/ G. P. Ford and J. S. Qilmore, Mass Yields From Fission By 
Neutrons Between Thermal and'l4./ MEV, Los Alamos Scientific 
Laboratory of University of California, LA 1997, February 1956 
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Most of these proportions were known from experimental 

determination. When lacking, isoraeric activity was estimated 

from measured fission yield of one Isomer and the total chain 

yield. Arbitrary ratios of 50-50 of the parent activity of 

Rbei, In117, and Cs119 were assigned to each daughter Isomer. 

THE BETA END POINT ENERQIES 

Available experimentally determined beta ray end point 

kinetic energies were assigned to their corresponding Isotopes. 

For a rough prediction of the total beta decay energy 

Qo of unknown nuclldes or beta activity too short to have 

been determined, the procedure suggested by Coryell—' was used. 

(See Table I for the calculated results.) Any loss of this 

available energy Qg to gamma ray transitions In the short 

half life unknown decays was Ignored. By so doing, this 

report can only hope to develop an approximate upper limit 

for the high energy portion of the beta spectrum and for 

times less than 30 seconds after fission. 

ALLOWED AND FORBIDDEN SPECTRA 

In general, where experimentation classified the transi- 

tions as allowed or forbidden, the appropriate energy-shaping 

expression or correction factors were used.  When experimental 

1/ C. D. Coryell, Beta DecayTlherKetics, Annual Review of 
Nuclear Science, Vol. 2, 1953. p. 331. tUNCLASSlPIEI)). 
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results were lacking, the forblddenness was chosen to agree 

with the Ft values of Pelngold=/ or the classification based 

upon the nuclear shell structure of M. 0. Mayer.-'-^' 

LIMITATIONS OF THE HALF LIFE, END POINT EHERQY AND PORBIDDENNESS 
BIPW BAM 

While It Is common practice to assume 100 percent beta 

transition between ground states whenever experimental Infor- 

mation Is unavailable, studies by Perkins and King-/ have shown 

that this simplification may lead to errors in both the beta 

and gamma radiation associated with fission.  In their procedure,, 

which is adjusted to be consistent with the experimentally 

measured total gamma energy from all the fission product decay, 

a single "effective" beta and gamma transition is used and 

adjusted to account for the mass difference between parent and 

daughter. 

This sharing of the total energy between effective beta 

and gamma would result in somewhat lower beta and point 

energies than that used in this study.  In addition, if the 

single "effective" beta and gamma transition recipe for unknown 

decays were used, a readjustment of half lives towards smaller 

values would result. 

1/ A. K. Peingold, Table of Ft Values in Beta Decay, Review of 
Modern Physics, Vol. 23, 1951, PP. 10-10. 

2/ M. Q. Mayer and S. A. Moszkowski, Nuclear Shell Structure'and 
Beta Decay, I. Odd A Nuclei, Review of Modem Physics, Vol. 
«, 1951/ppT 515-551.  

2/ L. W. Nordhelm, Nuclear Shell Structure and Beta Decay II. 
Even A Nuclei, Review of Modern Physics, Vol. 23, 1951, 
PP. 322-327. 

4/ R. W. King and J. P. Perkins, Inverse Beta Decay and the Two 
Component Neutrons, Phys. Rev. Vol. 112, No. 3, pp. 903-9b0, 
November 1, 195Ö. 
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In the near future It Is planned to investigate the 

effect on our results of incorporating new data for the unknown 

decays« based upon the procedure suggested by King and Perkins. 

INPUT DATA TABULATION 

Table II displays all the input data used in carrying out 

the calculations. The tabulated data, from left to right, is: 

X (decay constant), FTJSSS and F^as (initial fission 

abundance), E0 (beta end point energy), A (the fraction going 

by beta decay), and symbols 0 for allowed and 1 for forbidden 

spectra. The values of "K  , Pyaas, FQSS«,  and Eo are 

printed directly from a computer tabulation. The last two 

digits represent the power of 10 by which the remaining 

digits, treated as an eight place decimal, are to be multiplied. 

51 in this position represents 101,  50 represents 10°,  ^9 

represents 10"1, etc. 

Many of the decay schemes contain disintegrations yielding 

beta, gamma and neutrons.  The concern in this report is only 

with Isotopes yielding beta rays.  In order to maintain the 

proper rate of change and growth for the Isotopes in these chain 

decay schemes and avoid unnecessary complication of the program, 

a simple procedure was used which includes transitions due to 

all emissions. However, in the computation of ß1(t),  each 

member of a chain was assigned a multiplication operator A , 

expressing the percent of the decay that proceeds by beta 

emission.  Where only isomeric gamma decays or neutron decays 
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occur,  A is taken as zero. By assigning zero mmd  end-point 

beta energy to non-beta transitions, we are assured of their 

not being calculated or tabulated either In the end product 

of the ß,(t)p,(E) calculation or In the machine summation 

of ß^t),  which tests for non-zero end point energy. 

TABULATION OF FORMULAE 

There Is an assigned Initial abundance to every possible 

Isotope resulting from fission. As time proceeds each Isotope 

will decay In abundance, characteristic of Its decay constant. 

In addition, the Instantaneous amount of each Isotope may be 

Increased due to the decay of the members of the chain. 

The machine program used to analyze the decay of the 

fission fragments and compute ß..(t) was based upon the 

following differential equation: 

HA 

where ß^t) - 'K.A'At) 

and A.(t) Is the amount of the J   Isotope at 

time t. 

where        J ■ 1 . . . 1 .  The time differential expresses 

the rate of change of an Isotope  (A.) with decay constant \., 

in terms of all previous members of a chain and their decay 

constants. 
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We assume a solution of the form 

A,(t) - £   TLJ e-V W 

113  " W%) -Yl^-l  for i < J' and (5) 

1- I 

where the constants 711 are to be determined from the fol- 

lowing recursion relationships: 

1. J-l 

\IJ - A
J
(0)

  - L     ^i- (6) 

i- i 

If a fission fragment mass chain A has a nuclear charge 

distribution from Z to (Z+ n),  the total Instantaneous 

chain activity Is 

y   ßjCt) . (?) 

J-z 

The total activity at t»t  from all fission chains (A- 72 

to 162)  used in this study is 

x$z - Z + n 

A=7 2       JxsZ 

THE PROBABILITY FUNCTION   p(E) 

p(E)dE is the probability that a beta emitted from the 

J   isotope has an energy between E and E + dE,  and is of 

the form: 
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-1- 
P (B) . E(E^ - I)2 (EQ ■ E)2 P(Z+ l^E) - g2 e  (9) 

r      E(E2 - 1) (Eo - E)2 P(Z+ 1,1) . g24dE 

where 
E <■ beta energy in rest mass (m0c2) units 

E - beta end point energy in m c2 units 

P(Z + 1,E)  = energy correction term due to the Coulomb 

distortion of an electron wave amplitude in 

the Coulomb field of the nucleu&=f 

g « Fermi's fundamental coupling constant 

^ = Ki2. I<I>I2+ icj2. i <o>r . 
A coefficient in the general expression indicating a 

nuclear matrix element mixture of vector and pseudo- 

vector coupling. 

If it can be assumed that the nuclear matrix element expression 

in (9) is not a function of the beta or neutrino energy, then (9) 

reduces to 

(B)   E(E
2 -i)2'  (Eo - E)g F(Z+ ifE) (10) 

T E(E2 - i)5  (Eo - E)2 P(Z + i,E)dE 

which covers in our study the allowed and once forbidden 

transitions having allowed shapes. To allow for isotopes 

having forbidden shapes, P-i(E)  is modified as follows: 

1/ Values for this Coulomb Function were calculated using The 
Table of the Gamma Function for Complex Argiuments, U. S „ 
Bureau of Standards, 
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p (E) . E(E« - 1.^ (Eo - E)« P(Z +   l.E) » ((Eg - 1) + (EQ - EV« )a 

J   E(Ea - 1)* (Eo - E)2 P(Z + 1,1) C(Ea - 1) + (Eo - E)2)adE 
X (ID 

where a Is the degree of forblddenness.  In this study a - 0 

covers all Allowed and once forbidden transitions haying allowed 

shapes, a * 1 Is used to cover other once or twice forbidden 

transitions« The energy expression In the brackets Is the well- 

known p* + qa electron and neutrino momentum correction term in 

m0c
a units. 

FINAL EXPRESSION 

For the member J *■ Z of chain A in equation (11) 

1 ßz^A(E,t)dE- ßz#A(t) • A • pz(E)dE (12) 

ß».(t)  Is given by equation (5)* and A IS the fraction of the 

decay that goes by a beta ray. 

RESULTS 

I Some selected results-' of this analysis, as carried out 

on the IBM 650, are plotted in Figure 3 for U835 and Figure h 

for U288. Biese two figures give the number of beta rays per 

fission per energy interval for any specific energy. The short 

time contribution from highly energetic short-lived isotopes is 

quite apparent. 

1/ Tne complete calculation for expression (12) for all values 
of time is on file in IDA/WSEO and Is available upon 
request. 
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Figures 5(a) through 5(q) and 6(a) through 6(q) present 

some processed data, the percent of total beta energy per 

fission per Isotope versus time.  All fission chains and 

their constituent members are Included for Uas8 and \J9sm. 

Figures 7 and 8 present for UM8 and U"3* the total 

beta activity per fission summed over all energy versus time. 

Figures 9 and 10 present the total beta energy released 

per fission per second versus the kinetic energy of the beta 

rays from fission fragment of U*35 and Ü838. 

Figures 11 and 12 present the percent of the total 

beta activity per fission for a few selected times versus 

the kinetic energy of the beta rays from U833 and U235 

fission fragments. 

Figures 13 and 14 present the percent of the total 

beta energy per Interval for a few selected times versus the 

kinetic energy of the beta rays from Ua35 and üa3a fission 

fragments. 

Figure 13 compares the result of this study with Its 

1 assumption of all beta transition to ground state for short 

half-life unknowns, to those of Cameron^' and Klng.^ While 

1/ A. Q. V. Cameron. Chalk RiverTroJect - 690, 1957. 
"2/  R. W. King and J. F. Perkins, Inverse Beta Decay and the 

Two-Component Neutrons, Phys. Rev., Vol. 112, No. 3, 
pp. 9Ö3-966* November 1, 1958. 
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this study used fission spectrum neutrons In U235 fission, 

the expected difference with thermal neutrons should he very- 

small.  It Is apparent from Figure 15 that the King and Perkins 

assumption—of Q_ being shared by beta transitions to non- 

ground levels as «rell as gamma from the excited levels to ground-- 

yields a somewhat lower number of high energy betas.  The results 

of this study agree very well with those bassd upon Cameron's 

total disintegration energies for the unknown decays. 
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TABLE I 

CALCULATED BETA END POINT ENERGIES a/ 

a/ Two primary sources were used In these calculations. 
ZA values were taken from Co rye11 and Sugarman. 

Radlochemlcal Studies: The Fission Product Book 1. 
McGraw-Hill, page 494, Flguw 51.1 and Table 52.10, 
page 512. 

BA, «.. and eA,  from Table II (page 325)* Table IV 
(page 331) and Table I (page 320), respectively, of 
Annual Review of Nuclear Science, Vol. II, 1953. 
The basic equations are: 
(1) Qß - BA(ZA - Z - 0.5) ± ÖA for  (A even). 

(2) Qg - BA(ZA - Z - 0.5) ± €A for  (A odd). 
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A Z ZA BA 

72 26 
29 

32 2.k5 

73 28 
29 
30 

32.3 2.1*2 

7^ 28 
29 
30 

32.7 2.38 

75 29 
30 
31 

33 2.36 

76 29 
30 

33^ 2.3^ 

77 29 
30 
31 
32 
33 

33.8 2.31 

78 30 
31 

3^.2 2.29 

79 30 
31 
32 

3^.6 2.27 

80 30 
31 
32 

35 2.2k 

81 31 
32 
33 
3h 

35.5 2.21 

82 31 
32 
33 

36 2.18 

TABLE I 

CALCULATED BETA END POINT ENERGIES 

A even A odd uee eq. 
TA    ^A 

2.38 

2.61* 

2.86 

2.86 

2.87 

with 

2.82 

-.3 

••3 
■•3 
■.1 

•.1 

zA.Z..5 BA(ZA - Z -.5) QB(MEV) 

3.5 
2.5 

8.58 
6.12 

5.76 
8.94 

3.8 
2.8 
1.8 

9.20 
6.78 
4.36 

9.50 
6.48 
4.66 

k.2 
3.2 
2.2 

10.00 
7.62 
5.24 

7.17 
10.45 
2.41 

3.5 
2.5 
1.5 

8.26 
5.90 
3.54 

7.96 
6.20 
3.24 

3.9 
2.9 

9.13 
6.79 

11.97 
3.95 

4.3 
3.3 
2.3 
1.3 
0.3 

9.93 
7.62 
5.31 
3.00 
0.69 

9.63 
7.92 
5.01 
3.30 
.59 

3.7 
2.7 

8.47 
6.18 

5.61 
9.04 

4.1 
3.1 
2.1 

9.31 
7.04 
4.77 

9.61 
6.74 
5.07 

U.5 
3.5 
2.5 

10.08 
7.84 
5.60 

7.22 
10.70 
2.74 

4.0 
3.0 
2.0 
1.0 

8.84 
6.63 
4.U2 
2.21 

8.54 
6.93 
4.32 
2.31 

4.5 
3.5 
2.5 

9.81 
7.63 
5.45 

12.68 
4.76 
8.32 

WSEG RM 19 - 16 - 



TABLZ I (Continued) 

Z B. Use eq. 
vlth 

83 32 
33 
3^ 

36.2 2.16 -.3 
-.1 
-.1 

+ 

8k 32 
33 

36.7 2.14 2.88 
+ 

85 32 
33 
3k 
36 

37 2.32 -.3 
-.1 
-.1 
-.1 

+ 

86 32 

35 

37-5 2.09 2.88 
+ 

+ 

87 33 
34 
36 

2.06 -.1 
-.1 
-.1 

+ 

+ 

88 3h 
35 
36 

28.5 2.03 2.88 
+ 

89 3U 
35 
36 

39 2.01 -.1 
-.1 
-.1 

+ 

90 3h 39A 1.99 2.88 - 

91 35 
36 
37 
39 

39-9 1.97 -.1 
-.1 
-.1 
+.U 

+ 

+ 
+ 

92 35 
36+ 
37 

1*0.3 1.96 2.88 + 

+ 

93 36 
37 
38 

40.7 1.9^ -.1 
-.1 
-.1 

+ 

9k 36 
37 
38 

JH.1 1.92 2.88 
+ 

ZA - Z -.5 BA(ZA - Z -.5 > aB(MEV) 

3.8 
2.8 
1.8 

8.21 
6.05 
3.89 

8.51 
5.95 
3.99 

k.Z 
3.2 

8.99 
6.85 

6.11 
9.73 

4.5 
3.5 
2.5 
0.5 

9.3k 
7.42 
5.30 
1.06 

9.84 
7.32 
5.1*0 
1.16 

5.0 
k.O 
3.0 
2.0 

10.45 
8.36 
6.27 
1*.18 

7.57 
11.24 
3.39 
7.06 

4.5 
3.5 
1.5 

9.27 
7.21 
3.09 

9.17 
7.31 
2.99 

4.0 
3.0 
2.0 

8.12 
6.09 
4.06 

5.24 
8.97 
1.18 

4.5 
3-5 
2.5 

9.0I* 
7.0l* 
5.02 

9.14 
6.94 
5.12 

4.9 9.75 6.87 

4.4 
3.4 
2.4 
0.4 

8.67 
6.70 
U.73 
0.79 

8.57 
6.80 
4.63 
1.19 

4.8 
3.8 
2.8 

9.1*1 
7.1*5 
5.^9 

12.29 
4.57 
8.37 

l*.2 
3-2 
2.2 

8.15 
6.21 
i*.27 

8.25 
6.11 
4.37 

1*.6 
3.6 
2.6 

8.83 
6.91 
1*.99 

5.95 
9.79 
2.11 
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TABLB I (Continued) 

95     36     kl.6 
37 
38 

.39 

96 37     ^2.1     1.88 
38 
39 

97 37     ^2.6     1.86 

?9 

98 38     U3 I.85 
39 
Uo 
ki 

99 39     ^3.5     I.83 
So 
*3 

100 39     W* 1.8L 
ko 

101 39     kkA     1.79 
ko 
kl 

102 ko     kk.S     I.78 

U2 

103 ko    45.2    1.76 
kl 
k2 

lOlf     1»0     1*5.6     1.75 

1*2 

A even A odd Use eq. 
with ZA.Z..5 BA<ZA -Z -« <?{**,) 

-.1 
-.1 
-.1 
+.1* 
+.1* 

+ 

+ 
+ 

5.1 
l*.l 
3.1 
2.1 
0.1 

9.69 
7.79 
5.89 
3.99 
0.19 

9.79 
7.69 
5.99 
^.39 

.59 

2.87 + 

+ 

1*.6 
3.6 
2.6 

8.65 
6.77 
l*.89 

11.52 
3.90 
7.76 

-.1 
-.1 
+.1* 
+*k 

+ 

+ 
+ 

1:1 
3.1 
1.1 

9.k9 
7.63 
5.77 
2.05 

9.39 
7.73 
5.17 
2.1*5 

2.85 
+ 

+ 

»».5 
3.5 
2.5 
1.5 

8.32 
6.1*8 
li.62 
2.78 

5.^7 
9.33 
1.77 
5.63 

.k 

.k 

.1* 

+ 

+ 

l*.0 
3.0 
0.0 

7.32 
5.1*9 

0 

7.72 
5.09 

.1* 

2.81* + 

+ 

k.5 
3.5 
2.5 

8.11* 
6.3«* 
1*.52 

IO.98 
3.50 
7.36 

+.1* 
+.1* 
+.1* 

+ 

+ 

1^9 
3.9 
2.9 

8.77 
6.98 
5.19 

9.17 
6.58 
5.59 

2.82 
+ 

l*.3 
3.3 
2.3 

7.65 
5.87 
i*.09 

1*.83 
8.69 
1.27 

.1* 

.1* 

.1* 
+ 

l*.7 
3.7 
2.7 

8.27 
6.51 
l*.75 

7.87 
6.91 
1*.35 

2.80 
+ 

5.1 
l*.l 
3.1 

8.92 
7.18 
5.1*2 

6.12 
9.98 
2.62 
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TABLE I (Continued) 

A z 2A BA 

A even A odd 
eA 

Use eq. 
with ZA.Z-.5 BA(ZA-Z..5) aB(MEV) 

105 ki 
k2 
k3 
k5 

46.0 1.73 .4 
.4 
.4 
.4 

+ 
+ 

4.5 
3.5 
2.5 
0.5 

7-78 
6.06 
4.32 
.86 

8.18 
5.66 
4.72 
1.26 

106 kl 
h2 

46.4 1.72 2.77 + 

+ 

4.9 
3.9 
2.9 

8.43 
6.71 
4.99 

11.20 
3.94 
7.76 

107 kl 
k2 

56.8 1.70 .4 
.4 
.4 

+ 

+ 

5.3 
4.3 
3.3 

9.01 
7.31 
5.61 

9.4l 
6.91 
6.01 

108 k2 47.2 1.68 2.74 
+ 

4.7 
3.7 
2.7 

7.90 
6.22 
4.54 

5.16 
8.96 
1.80 

109 k2 
k3 
kh 
^5 

U7.5 1.67 .4 
.4 
.4 
.2 

+ 

+ 

5.0 
4.0 
3.0 
2.0 

8.35 
6.66 
5.01 
3.34 

7.95 
7.08 
4.61 
3.5^ 

no k2 
k3 
kk 
45 

47.8 1.66 2.72 
+ 

+ 

5.3 
4.3 
3-3 
2.3 

8.80 
7.14 
5.46 
3.82 

6.08 
9.86 
2.76 
6.54 

ill 43 
44 
45 

48.1 I.65 .4 
.4 
.2 

+ 

+ 

4.6 
3.6 
2.6 

7.59 
5.94 
4.29 

7.99 
5.54 
4.49 

112 43 
44 
45 

»»8.4 1.64 2.69 + 

+ 

4.9 
3.9 
2.9 

8.04 
6.40 
4.76 

10.73 
3.71 
7.45 

113 44 
45 
46 

48.7 1.62 .4 
.2 
0 

+ 
4.2 
3.2 
2.2 

6.80 
5.18 
3.56 

6.40 
5.38 
3.56 

ill* 44 
45 
46 
47 

49.0 1.61 2.66 
+ 

+ 

4.5 
3-5 
2.5 
1.5 

7.24 
5.64 
4.02 
2.41 

4.58 
8.30 
1.36 
5.07 
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TABLE I  (Continued) 

A      Z B. Use eq. 
with 

115 kh 
kS »»9.3 1.60 
k6 
ka 
h9 

116 V5 
1*6 

U9.6 1.59 

117 U5 
U6 

U8 
U9 

^9.9 1.58 

118 ^5 
1*6 
hi 
U8 

50.2 1.57 

119 U5 
U6 
hi 
U8 
1*9 

50.5 1.56 

120 U6 
U7 
1*8 
^9 

50.8 1.5U 

121 1*6 
hi 
1*8 
h9 
50 

51.1 1.53 

122 1*6 
^7 
1*8 
1*9 

51.U 1.52 

123 1*7 
1*8 
1*9 

51.7 1.51 

2.62 

2.58 

2.55 

2.51 

0 
.2 
0 
0 

.5 

.2 
0 
0 
0 

.5 

.2 
0 
0 
0 

0 
0 
0 

.5 
0 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

0 
0 

+ 

+ 

+ 

ZA - Z -.5 VZA -z -53 1    (jftMBV) 

U.8 
3.8 
2.8 
0.8 

-0.2 

7.68 
6.08 
u.ifd 
1.28 
-.32 

7.68 
6.28 
1*.1*8 
1.28 

.18 

U.l 
3.1 

6.52 
U.93 

9.1U 
2.31 

h,k 
3.k 
2.1* 
l.U 
0.1* 

6.95 
5.37 
3.79 
2.21 

.63 

7.15 
5.37 
3.79 
2.21 
1.13 

U.7 
3.7 
2.7 
1.7 

7.38 
5.81 
h,2k 
2.67 

9.96 
3.23 
6.82 

.09 

5.0 
i*.0 
3.0 
2.0 
1.0 

7.80 
6.2U 
U.66 
3.12 
1.56 

8.00 
6.21* 
1*.68 
3.12 
2,06 

M 
3.3 
2.3 
1.3 

6.62 
5.08 
3.5U 
2.00 

k.oi 
7.63 

.99 
U.55 

l*.6 
3.6 
2.6 
1.6 
0.6 

7.01* 
5.51 
3.98 
2.1*5 

.92 

7.01* 
5.51 
3.98 
2.95 

.92 

h.9 
3.9 
2.9 
1.9 

7.U5 
5.93 
1*.1*1 
2.89 

l*.9U 
8.1+1* 
1.90 
5.1*0 

U.2 
3.2 
2.2 

6,3k 
U.83 
3.32 

6.3U 
U.83 
3.82 
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Z ZA BA 
A even 

A 8 A 

12h ^7 
kQ 
k9 

52.0 1.51 2.U7 

125 13 52.3 1.50 

TABLE I (Continued) 

+ l*.5 6.80                 9.27 
3.5 5.28                 2.81 

+ 2.5 3.78                 6.25 

0            + U.8 7.20                              7.20 
0           - 3.8 5.70                            5.70 

.5           + 2.8 U,20                              U.70 

126   k&     52.6     1.1*9          2.Ü0                        - k.X 6.11                    3.71 
U9                                                             +                3.1 ^.62 7.02 
50                                                              - 2.1 3.13                    .73 

0         - k.k 6.51                       6.51 
.5       +           3.^ 5.03 5.53 
0            -                   2.1* 3.55 3.55 
0            - 0.1* .59                                  .59 

2.35                     -                ^.7 6.91 l».56 
♦                3.7 5.U1* 7.79 

2.7 3.97 1.62 

.5          +               i*.0 5.8lf 6.3^ 
0          -                3.0 U.38 i*.38 

-.1*            +                  2.0 2.92 2.52 
0          -               1.0 1.1*6 1.1*6 

130 1*9     53.9     1.^6        2,29                     +                1*.!* 6.1*2 8.71 
50 -                3.1* ^.96 2.67 
51 +                2.1* 3.50 5.79 

131 ^9                                                 .5           +                ^.7 6.ÖL 7.31 
50 5>*.2     1.1*5                         0           -                3.7 5.36 5.36 
51 -.1*           +                2.7 3.92 3.52 
52 0-1.7 2.1*6 2.1*6 
53 0           +                 0.7 1.01 1.01 
5"*                                                     0           - -0.3 -.1*1*                             -.1*1* 

132 50      51*. 5     1.1*         2.21*                       -                 lf.0 5.76 3.52 
51                                                                   +                 3.0 U.32 6.56 

133 50      51*.9     1.1*3                          0           -                 l*.l* 6.29 6.29 
51 -.1*           +                 3.1* 1*.86 1*.1*6 
52 0-2.1* 3.^3 3.U3 

127 1*8 
1*9 

52.9 1.1*8 

50 

1 52 

128 1*8 
U9 
50 

53.2 1.1*7 

129 1*8 
50 
51 
52 

53.5 1.1*6 
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TABLE I (Continued) 

A z_ 

51 
52 

ZA 

55.3 

BA 

1.U2 

A even 

''A     " 

A odd 
£A 

Use Eq. 
with 

+ 

ZA.Z-.5 

3.8 
2.8 

BA(ZA - Z -. 

5.U0 
3.98 

5)     ^B(ME 

.7-59 
1.79 

n 
13k 2.19 

135 51 
52 

55.7 1.1*1 -.4 
0 

+ 4.2 
3.2 

5.92 
4.51 

5.52 
4.51 

136 51 
52 

56.1 1.1*0 2.1k + k.6 
3.6 

6.44 
5.04 

8.58 
2.90 

137 52 56.5 1.39 0 - 4.0 5.56 5.56 

136 52 
53 57.0 1.37 2.09 + 

4.5 
3.5 

6.165 
4.80 

If. 07 
6.89 

139 53 
5^ 
55 

57.5 1.36 0 
0 
0 

+ 

+ 

4.0 
3.0 
2.0 

5.4i* 
4.08 
2.72 

5.4lf 
lf.08 

iko 53 
5^ 
55 

58.0 1.35 2.05 
+ 

+ 

4.5 
3.5 
2.5 

6.075 
4.72 
3.38 

8.13 
2.67 
5.43 

Ikl 5^ 
55 

58.5 1.3^ 0 
0 + 

4.0 
3.0 

5.36 
1*.02 

5.36 
U.02 • 

11+2 54 
55 
56 
57 

59-0 1.33 2.0 
+ 

+ 

4.5 
3.5 
2.5 
1.5 

5.98 
4.65 
3.32 
2.00 

3.98 
6.65 
1.32 
If.00 

11*3 55 
56 
57 

59.5 1.32 0 
0 

.35 

+ 

+ 

k.o 
3.0 
2.0 

5.28 
3-96 
2.64 

5.28 
3.96 
2.99 

Ikk 55 
56 
57 

59.9 1.31 1.97 + 

+ 

4.4 
3.4 
2.4 

5.76 
l*.l*5 
3.14 

7.73 
2.48 
5.11 

1^5 55 
56 
57 

60. if 1.30 0 
0 

.35 

+ 

+ 

4.9 
3.9 
2.9 

6.37 
5.07 
3.77 

6.37 
5.07 
4.12 

1U6 56 
57 

60.9 1.28 1.93 
+ 

4.4 
3.4 

5-63 
4.35 

3.70 
6.28 
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TABLE _I (Coatinued) 

A z ZA BA 

A even 

»A ' 

A Odd 
GA 

Use eq. 
with zA-z..5 VZA 

1^7 56 
57 
58 
59 
60 

61A 1.27 0 
.35 
0 

.35 
0 

+ 

+ 

k.9 
3.9 
2.9 
1.9 
0.9 

6.22 
4.95 
3.68 
2.kl 
1.1U 

lk6 57 
58 
59 

61.9 1.26 1.89 + 

+ 

k.k 
3-k 
2.U 

5.54 
4.28 
3.02 

lk9 57 
58 
59 

62.3 1.25 .35 
0 

.35 

+ 

+ 

k.e 
3.8 
2.8 

6.00 
4.75 
3.50 

150 58 
59 

62.6 1.25 1.86 
+ 

k.i 
3.1 

5.12 
3.88 

151 58 
59 

62.9 1.2k 0 
.35 + 

u.k 
3.k 

5.45 
4.22 

152 58 
59 
60 
61 

63.2 1.2k l.dk 
+ 

k.7 
3.7 
2.7 
1.7 

5.83 
4.59 
3.35 
2.11' 

153 59 
60 
61 

63.5 1.23 .35 
0 

.35 + 

U.O 
3.0 
2.0 

4.92 
3-69 
2.46 

154 59 
60 
61 

63-9 1.22 1.80 + 

+ 

k.k 
3-k 
2.4 

5.37 
4.15 
2.93 

155 59 
60 
61 

6U.3 1.21 .35 
0 

.35 

+ 

+ 

k.8 
3-8 
2.8 

5.81 
4.60 
3.39 

156 60 
61 

64.6 1.21 1.77 
+ 

k.l 
3.1 

4.96 
3-75 

157 60 
61 
62 

6k.8 1.20 0 
.35 
0 

+ 
k.3 
3.3 
2.3 

5.16 
3-96 
2.76 

- z -.5) QB(MEV) 

7.43 
2.39 
4.91 

3.26 
5.74 

3.99 
6.43 
1.51 
3.95 

7.17 
2.35 
4.73 

3.19 
5.52 

6.22 
5.30 
3-68 
2.76 
1.14 

6-35 
4.75 
3.85 

5.45 
4.57 

5.27 
3.69 
2.81 

6.16 
4.60 
3.74 

5.16 
4.31 
2.76 

- 23  - WSEG  RM  19 



TABLE I (Continued) 

A z ZA BA 

A even 

A 

A odd 

A 
Use Eg. 
with zA.z-.5 BA(ZA - Z -. 5) ftB(MBV) 

158 60 
61 
62 

65.1 1.20 l.jk 
+ 

^.6 
3.6 
2.6 

5.52 
U.32 
3.12 

3.78 
6.06 
1.38 

- 

159 61 
62 

65.3 1.20 • 35 
0 

+ 3.8 
2.8 

«».56 
3.36 

4.91 
3.36 

160 65.5 
62 
63 

1.19 1.72 + 

+ 

k.O 
3.0 
2.0 

4.76 
3-57 
2.38 

6.U6 
1.85 
J*.10 

161 62 
63 

65.7 1.19 0 
.2 + 

3.2 
2.2 

3.81 
2.62 

3.81 
2.82 

162 62 65.9 1.19 1.70 
+ 

3A 
2.k 
l.k 

U.05 
2.86 
1.67 

2.35 
fc.56 
-.03 
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* z LAMM FU23* FU239 CO A 
yt n 1440000090 2*0000004* 9220000043 I 1« '000032 1 000000091 
y* »4 44300OO044 290000004* 496000004 3 178-00003? 1000000091 
-r* 30 3430O00049 |0OO00004* 3*0000004 3 «0OOOOO090 

32000OO09I 
9900000090 
9000000049 

ft 31 1 330000046 1400000044 2200000042 1280000091 
I920OOO09I 
3020000091 
90*0000091 
*3«00OO091 

4200000090 
3100000090 
1000000090 
9000000049 
8000000049 

T3 24 34*0000090 290000004* 202OO0004« 1900000092 1 000000091 
T3 »9 4400000049 4*0000004* 4 320000044 100OOOOO91 
73 30 194 0000049 2*00000044 3I80O00O44 9300000091 100000009 1 
73 31 349000004« 2*00000049 4600000043 2*000000*1 1 00000*091 
7* M 4*20000090 22&OO0OO4* 2200000044 1 «3^000092 I0000OO031 
7« »♦ 17 30000090 78OOOO004* 9100000044 209000C092 1 000000031 
74 30 297000004* 7200O00O4* 1020000049 «800000091 1000000091 
74 31 14*0000048 160000004* 3380000044 3 30000003 1 

«000000091 
220OO0O091 

3 930000090 
3330000090 
3330000090 

?9 «4 2770000090 1100000047 2820000049 1 99O00O092 1000000091 
7B 30 7240000044 140000004 7 «34OO00049 124OOOO092 I0OO000031 
71 31 4400000048 700000004* 2990OO0O49 «900000091 1 000000091 
73 3« 14 100OO047 2800000049 230OO00044 22*0000091 

1 228000091 
9900000090 
1900000090 

74 »4 344O0OOO90 1 I 0000004 7 3890000049 2390000092 100O0OO091 
T4 30 M4000O049 27 000000*7 9««0OO^049 790000009 I 1 00000003 I 
74 31 2310000049 1800000047 7*40000049 144U00O092 1 00O00O051 
77 »4 4*20000090 780000004* S300O00049 193O0OO092 100000009I 
77 30 19*0000090 3*20000047 2190000046 198^000092 1000000091 
77 31 4*20000049 4 12000004 7 2490000046 [0OOO0O092 1000000091 
77 3«- II70000049 7*2000004* «000O00049 9460000091 1000000091 
77 3C 1*0000004* 90800000«* 4|000O0O43 4 3900000S1 

276O00O09 t 
142000005 1 

4 200000090 
3900000050 
2 30O0O0O9O 

77 33 4*40000049 1 I 00000043 2000000044 1340000091 9*00000090 
74 30 2770000090 472OO0OO47 4 23000004« 1120000092 1000000091 
7« 31 444O00O049 73*0000047 •940OO0044 14080OO092 '« 3« 1340000047 3**0000047 3*90000044 I80OOOO091 1000000091 
7« 33 I2700OOO47 240OO0004* 3900OO0O49 820^000091 

280OO0O091 
7000000090 
300OOO009O 

7* 30 4*20000090 330000004 7 «400000046 1922000092 1000000091 
74 31 1940000090 10 3000004* 1*000000«7 1348000092 1000000091 
74 M 277O0OO049 •4O0O00O47 13O0O00O47 I0I400O092 
74 33 12*000004 8 1*000000«7 760OO00O46 4600000051 1OOO00OO91 
■ 0 30 4*20000090 20*00000«7 •90000004 6 1444000092 1000000091 
■ 0 31 2310000090 )1900000«* 2«7OOO0O«7 2140000092 1000000091 
40 3» 277OO0OO49 1«90000048 3020O000«7 548000003 1 1000000091 
40 33 I92000O049 9««00000«7 1l90OO0O«7 1 10^000092 1000000091 
• 1 31 34*0000090 1070000046 4 230OO0047 170*000092 1000000091 
■ 1 3« 9900000049 21*0000048 6940000047 138*000092 I 00000009| 
41 33 1 390000049 I320OO0048 3*9000004 7 890OO00091 1000000091 
at 34- 203000004 7 9000000049 I8000O004» 1000000091 
41 34 «42000004 7 1410000047 1700000046 2780000091 1000000091 
M 31 4*20000090 I2OO0OO04* 3840000047 2S3«000092 100000009 1 

A Z L*«BO Fu23a FU239 CO A 
at 32 27900000*8 114900004a «soooeoofli 1000000091 
42 33 M90000049 1920000048 1020000048 1•62000092 1O0OO00C91 
43 3« 34*0000090 3220000048 1**00000«8 I70OO00092 1000000091 
«3 33 •90O0OO049 39*0000048 220OOOO0«* 1 19^000092 1000000091 
43 34- 7700OOOO47 9720OO0047 9000000047 300 0000091 100000009 1 
as 34 9*0000004* 72*0000047 9000000047 «9000O0O9I 1000000091 
as 3« I40OO0OO47 1*000000«* 4000000046 1*80000091 8000000090 
a4 3« 4*20000090 32400000«* t «200O0068 1222000092 1000000091 
•4 33 277OOOOO90 «■3000004* 3460000048 l««*O00O92 1000000091 
•4 »4 390O00OO4* 2310000048 29«000 00«a 2*00000091 IO0OO0009I 
•* 39 3*1000004 7 1190000047 38OOOOOO«7 93*0000091 

7|20O00O91 
90«OO00O91 
34«OOOOOSl 

4 000000090 
9000000049 
1600000090 
3900000090 

•9 3» *930000090 201000004« 144000 0048 196*000092 1000000091 
B9 33 1410000031 9720000048 9080000048 1464000092 100000009 | 
M 34 I7 3OO0OO49 ««200000«8 308OOOO048 i0*0000092 100000009 1 
M 39 3*9000004* 8«900000«7 |4«0OOO0«8 9O00O0OO9I 1000000091 
99 34- 4 3*0000046 11*0000049 164000009 1 7700000090 
•9 34 2I3OO00O42 300000004 4 1390000091 

300OO00090 
9«00000090 
8000000048 

44 3» 49 30000090 1«200O00«* 1978000048 I9I4OO0O92 1000000091 
M 33 34*0000090 5440000048 3640000048 224*000092 1000000091 
44 34 4080000049 6*8000004« 8720OO00«a «7*0000091 1000000091 
44 39 2170000049 2240000048 3i0ooooo«a 14I2000O92 1000000091 
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2890000047 1000000046 7*0000004« 7060000091 1000000091 3120000001 

I3B0000046 4400000049 200Ü000091 ••00000090 2ft«O0OOO*Il 

6930000090 4*00000047 13000000*7 1219000092 1000000091 210O00O0SII 2OOOOOOOSO 

3460000090 2920000049 1740000047 1 «72000092 1000000091 12« 92- 19S0000047 •00000004* 1OOOOOOOS! 

6930000049 423OOOOO40 13*000004* 992^000091 1000000091 129 92 1*00000047 S9OO0O0047 700000004« ««00000090 1OOOOOOOSO 

34600000*9 1790O0OO46 «00000004* 1 30 60 00092 136000009 I 400000004« 

4620000090 1*10000046 940000004* 1 «00000092 100000009 1 l««OOOOOSl 1OOOOOOOSO 

I 730000090 3760000046 1300000047 1106000092 1000000091 C900OOOO91 7100000090 

9760000049 2*10000046 1096000047 09600OOO91 1000000091 130 *• **2000C050 41 «000004« 30401'»004« 1742000092 

4440000047 3990000047 2)6000004* 4 30OO0O091 1000000091 130 90 4*4000004• I4«0000049 «21000004« 

1060000049 6000000044 2060000091 «100000090 130 s: 1*3000004« 137000004« *04000004« I19O00OOSC 1OOOOOOOS! 

1*00000091 100000004« 1 31 49 »•30000090 2*300000*« 270000004« 14*200009* ieoooooooi 
600000004« 1 31 90 340000004« 1 4«0OO004<* I | 1100004« 10T20O0O92 

462OO00O90 *«*0000047 290000004* 214*000092 1000000091 1 31 91 50000000«7 1««000004« 1 270OOOO4« 

2310000090 29*0000040 1022000047 7420000091 1000000091 131 92- *420000049 399OOOO04T 21O0O0OO40 •400000000 

9900000049 3200000040 1|4«0OO047 I4V0O00092 10000000SI 11400OO09I 1700000090 

91700000*9 «370000047 376000004* 90O0OOOO90 10000 00091 i«*oeooo«i 4*00000049 

60200000** 62000OOO49 «000000044 «200000091 470000004« 

7000OO009I 4000000090 1 31 92 4*200000*7 7990OO0046 2IO00O0O«« 2700000091 19O0OO009O 

94000000SI 23*0000091 

20000000«1 1900000090 
346OO00O9O 21*0000046 9 120000046 1 260O0O092 1 31 93 ««0000004* 20*0000047 |0 3000004T •oooooooso 

1 «30000091 
2SO000O04« 

1730000090 3440OO0O49 1216000047 107*000092 1OOO00O09I 7000000040 

A290000040 1700000046 63OO0OO04* 70200000«! 1000000091 121*000091 •7C00OOO90 

3*300000*6 11100009*7 «000000043 4200000091 *70OOOOO90 

4620000090 II10000046 92*000004* 906' '000091 100O000O9I 132 90 92900000*6 «0*000004« 1 130OOO049 T040000091 

23(0000090 31700000*6 1124000047 1**^0000«2 I0OO00009I 1 32 91 9900000046 2110000049 I 74OOO004« 1312000092 1OOOOOOOS1 

•«100000*9 24900O0O46 62*0000046 2720000091 1OOOO0O091 132 92 2460O0OO45 14*0000049 1 04000004« •oooooooso 1OOOOOOOS1 

97000000*9 4M0000047 12*00000** 1014000092 132 93 692000OO«* 2210000040 »0000000«7 4140000091 1900000090 

6930000090 46400O0O47 2*200000** I939000092 1000000091 3060000091 2400000090 

2770000090 2760000046 09«OOOOO*« 1|9*0000«2 ioooooooei 2320000001 2300000090 

15*0000049 3000000046 0560000046 09*0000091 100OO00091 2000000090 

94 700000*7 1I2O0OOO90 242000004* 9600000091 1090000091 133 90 34 70000090 4440000048 0600000046 I29OC00092 1OOOOOOOS! 

10*0000044 1400000049 3220000091 9600000090 133 91 2*20000046 194000004« 2610OOOO*« ••2O000001 

1400000091 2OOOO0O0«« 133 92- 16300OOO«7 10S0OO004« IIO00OO040 ••40000091 1OOOOOOOS1 

3A30000O49 32200000«1 «600000090 1 33 92- 1630000047 1OOOOOOOS1 

11*0000091 4 20OO0O090 1 33 92 97900000«« 109000004« 1 190000049 3000000090 

«280000046 9OO0O0O0*« 2*00000001 

34*0000090 1 720000046 TO0000004« 1026000092 IOOO0OO09I 1 33 93 «290000C49 »120000046 4400OO004« 2*00000001 «100000090 

6930000049 32IO0O0046 9900O0004* 4»2000009l 1000000091 9000000049 

4620000049 17«00000*e «300000046 100^000092 1000000091 1 33 »4- 3*90000045 100000004« 1OOOOOOOS1 

4620000090 2*100000*6 «7*0000046 1430000092 1OO000OO9I 133 94 15200000«5 390000004» 7000000000 1000000091 
139 COOOOsn 30*0000046 670000004* I074O00O92 1000000091 1 34 91 |-     -»OOO 049 I »7000004« 2710000049 1OOOOOOOS1 

1090000049 12900OOO46 960000004* 7990000091 1000000091 I 34 92 2*.   .3000*7 246OO0O04« 32000OOO4« 1OOOOOOOS! 
709000004* 330000004« 7200000049 1000000091 134 93 22000000*7 1 I9OO00049 144000004« 900OO00OO1 9000000090 
1010000047 3940OO0O9I 9900000090 3000000091 SOOO00O09O 

2300000090 1 39 91 11*0000090 t0|0OO004« 1220000049 1 11«000002 !OOOOOOOS1 
1790000047 j490000091 1000000091 139 92 97*000004« 291000004« 2990000049 «OOOOOOOS1 1OOOOOOOS1 
«620000090 1«70000046 302000004» 1992000092 139 93 26600000*6 1610000049 191000004« 1000000091 3900000090 
I94 0000O90 31*0000046 900000004 6 *4*000009l 1000000091 2000000091 4000000090 
27 7000004« 19*0500046 SO4OO0OC4« 13*4000092 1000000091 2O0OO0OOSI 2900000090 
23100000*7 1^20000047 19*000004* 1«00000090 1000000091 139 94- 74000000*7 «J00OOO047 1 40006004« 

LAMSO Fu236 FU239 to A Fort.)***« A 2 LAMBO Fu»30 Fu2» CO A 
1260000090 1000000091 135 94 21 I 0000046 217000004« 14 00000046 I100O0OO0I 300000004« 

«O2OO00090 10*000004« 1*4000O04* 1*00000092 10O0OOO091 0 1020000001 
23IO00009O 3040000046 624000004* 1246000C92 0 1 3« 91 2310000090 4230O0004J 9400OO0O46 171*000092 
409000004« 2390000046 I0I0O0OO47 93*0000091 10OO000091 0 1 3* 92 11*0000090 1««000004« 223000004« 9*00000001 1OOOOOOOS! 
399000004« 22*0000047 112000004* 624 0000091 1000000091 0 1 3* 93 •0*000004« 24 300000*9 240000O04« 1400000092 2900000090 
116 00000« a 2240000047 1I20O0O04* »240000091 10OOC00091 0 1120000092 2900000090 
66000000«? «700000044 I 000000049 9400000091 1000000091 0 •40OO0O091 2900000090 
34*0000090 27«0000046 *7*00000«* 61*^000091 I0OOO0O0«! 0 9400000091 0900000090 
1160000090 3060000046 I044O0OO4 7 192*000092 I0O0O0O091 0 1 36 99 «220000044 27300000*7 3036000047 6*20000090 
«920000047 1120 00004B *220O0004* 190^000091 0 700000004« 
12*000004« I9O00OOO4« 9*00000049 200ÜOOO091 1000000091 0 1 37 92 2310000050 304000004« 179000004« 1 102000092 1000000091 
4620000090 16OO00O046 440OOOO04* 14090 00092 1OOO00009I 0 137 93 319000OO4* 1«40000049 270000004« 1000000091 
1730000090 3390000046 1092O0OC47 1 10200009'-' .000000091 0 I 37 93 3190000049 1 «3900004« 270400004« 1300000092 1000000091 
2770O00O4« 1670000046 09200000«» 7«»0OOOO9l 0 1 37 94 29*000004« 239000004« 190000004« 7000000091 1000000091 
«2400000*9 1600000047 t 7600000«» 99000OOO91 1OOOOOOOS1 0 1 37 99 62*0000041 6*40000049 130O0OOO49 102000009 1 9200000090 
7130000049 7**0000090 1OO0000091 0 234 000009 1 •OOOO00049 
«620000090 6600000047 26»00000«6 «««0000091 1000000091 0 1 3* 52 34*0000090 774000004« ««0000004« 6140000091 1000000091 
2310000090 3030000046 109*000047 1*90000092 0 1 3« 93 1170000090 116000004« 29«00OO04« 1 176000092 1OOOOOOOS1 
17 3000004« 20 10 000040 17200000*7 36000OOO9I 1000000091 0 1 36 94 67900000*7 236000004« 230000004« «90000009 1 1000000091 
19*0000049 6600000047 4 0*000004* 106^000092 1000000091 0 1 30 99 3990000047 14*000004« 9600000048 6000000091 7 300000090 
2770000090 2770000040 12660OO092 1OOOOOOOS1 0 9300000091 16000 00090 
770000004« 39100000*6 103*000047 9 6*0000051 1000000091 0 1 39 93 2970000090 9« 70 00 0040 209000004« 10660 00092 1OOOOOOOS1 
231000004« 1*60000046 93*200004» 7*4 0000091 1OOOOOOOS1 0 1 39 94 1*90000049 1«9000004« 27400000*« 6|40000091 1000000091 
59000000«3 360000004* 3 3*0000049 2*«0000091 1OOOOOOOS1 1 t 39 99 1 220000046 10*000004« I4200OOO«« 4400000091 1000000091 
34*0000090 19600OO04« 569*00004* 1 09*000091 1000000091 0 1 39 96 1360000047 4910000049 «000000047 47*000009! 1500000090 
69 3000004« 369000004« 121(10000« 7 9*20000091 0 44*0000091 
34*000004? 2940000046 6904 0000«» 1290000092 1000000091 0 1*4000009! I90O000090 
34*0000090 7200000047 3lf«O00O«» 144 0000092 100000009 1 0 1*0 93 4*20000090 79*000004* «40000004« 1*2*000092 1000000091 
1390O00090 334000004« 1276000047 1 14 0000092 0 140 94 43300000*9 199000004« 2490000049 9340000091 1OOOOOOOS! 
4620000049 3610000046 14 32000047 «40^000091 100000009 1 0 140 99 1090000049 200000004« 22300000*9 106*000002 1OOOOOOOS1 
9930000044 10*000004« «7 320000«« 4 74 0000091 

«000000090 
9900000090 
90000000*9 

1 
0 

140 56 62700000*4 9200000049 9*0000004« 2000000091 
•oooooooso 

7900000090 
2900000090 

1100000043 700000004« 7000000044 1120000091 
«000000090 
0600000090 
2*00000090 

1400000090 

2900000050 

I 
0 
0 
0 

140 57 4 790000045 3700000047 4400000091 
324000009! 
2720000091 
2300000091 

6000000049 
14 00000090 
30OO000O90 
2O0OO00090 

2310000000 309000004« 3«««000047 742000009| 1000000091 0 1720O00091 1200000090 
«9000000*9 «060000046 4«72000047 140*000092 100000009 1 0 6400000090 1«00000090 
2310000047 241000004« 2910000047 14*0000091 1000000091 0 14| 54 4090000090 723000004* 19*0000049 10720000S2 1000000091 
2 140000046 1990000047 194000004* 200 '00009 1 I0OO00009I 1 14| 59 7700000049 t«2000004« 2610000049 6040000091 1000000091 
4*20000090 ?l«O00O046 4940000047 I3020OOO92 1000000091 0 I*: 9» 0420000047 143000004« 139000004« 9*00000091 1000000091 
2310000090 Al«000004« 9*90000047 110*000092 1000000091 0 14 1 57 907000004* 23*0000046 «000000047 «•«OOO009I 
9170000046 47*000004« 7|30000047 7(00000091 1000000091 0 160000009 1 9000000049 
2190000049 «100000047 I 060000047 3I40O0OO«! 

2220000091 
3000000090 
2000000090 

1 

0 
1*1 56 2*2000004* 4700000049 11*0000091 

06OOO00090 
IOO^MMOA 
7oom 

I7200OO09I 9000000090 0 1*2 9« 4620000090 30900000*6 «10000004« 7960000091 loofl 
7*4 000004 3 3900000044 1000000091 0 1*2 59 11*000004« I 440000049 24 1060 0049 1i30000092 ! acB 
2O9OO0004* 1*00000049 I400ooor«i 9900000090 0 1«? 9» 1«20000046 1*40000049 2190000049 2*40000091 IOM        A 
6930000090 127000004« 64400000*7 «I20OOO091 1000000091 0 1*2 57 1900000047 9070000046 92000000«« 6000000091 :M             * 
3460000090 7460000046 22«*000049 1999000092 1000000091 0 143 99 34*0000090 «360000046 1«2000004« 109*000092 iom 
2030000047 96000000«« 229*00004« 3240000091 1000000091 0 143 5» 11*0000090 1*9000004« 244000004« 7920000091 \om 
1120000049 3920000046 6440000047 990000OO91 1000000091 0 143 57 6060000047 «000000046 12*000004« 600 000009 1 lofl 
4«2OOO00fl0 7230000046 2930000046 12*6000092 1000000091 0 14 3 5« 9630000049 720000004 7 6000000047 260000009 1 

3TI 12600000^0 I390000O49 30200000*» 67*3000091 1000000091 0 22*000009 1 
1*60000091 
1000000091 

9cA 
im 



TABLE n 

INPUT DATA CHARACTERISTICS U235 AND U238 

2 LAMBO Fu238 Fu239 CO A Forbl*9n A 

SI 4980000046 7940000048 20X0000048 374 0000091 2000000090 .0 
340OO00091 2000000090 o 143 
312OO00OS1 2000000080 0 144 
2*80000091 2000000080 0 144 

2000000090 0 144 

5«- »«0000044 199000004T «000000048 1000000091 0 144 

s« 1*00000047 380000 0 0*7 7000000048 «800000090 
1380000091 

1000000090 
4000000049 

1 
0 

1480000091 1900000080 0 144 
7 I 00000050 0 

*9 4620000090 4180000048 3840000048 I742000O82 1000000081 0 

90 444000004• I 48000004« 8210000048 1OOOO0OO9I 0 149 

51 1630000048 1370000049 604000C048 1 198000092 0 149 
49 6930000090 24 30000048 2700000048 14«2000092 IOOOOOOO«! 1 149 

SO 3400000048 1490000049 I 11000004« 10T2000O92 IOO000OO91 0 143 

51 9000000047 IS9OOOO049 1270OO0O49 7040000091 IOO000O0B1 0 149 
9i- 6420000049 3990000047 2100000048 8400000080 9100000090 0 146 

1140000091 1700000030 .0 146 
4*00000049 0 146 

4980OO0O9I 4 700000049 o 146 

92 4620000047 7980000048 2I000O0O68 27O0000O91 1900000090 0 
2380000001 2900000090 0 147 
4 28OO0009| •000000030 o 147 

93 «800000046 20*0000047 100000004 7 «000000090 2900000049 I 147 
1830000091 7000000048 0 147 

8T800000SO 0 147 
6700000090 9 300000049 0 

90 92900C0048 «08000C048 1|30000049 704 0000091 1000000091 0 

SI 5900000048 21|000004« 1740000049 ■000000091 o 147 

92 2480000049 1460000049 1040000049 *O00000090 1000000081 0 148 
93 8920000046 2210000048 9000000047 4f4000009t 1900000090 1 148 

30*0000091 2*00000090 0 148 
232OOO0O91 2300000090 0 149 
18OO0O0O91 2000000090 0 149 

SO 3470000090 4440000048 8*00000048 1299O00O92 0 149 

91 262O0O0048 1«40000049 2*10000049 882OO00O91 1000000091 0 1^9 

92- 1830000047 1090000049 1 1900000.19 88*0000091 1OOOOOOO« 1 0 
92- 1830000047 68*0000091 I 00000009| 0 

32 3780000048 1090000049 1 190000049 480COO0O9I 3000000090 0 149 
2*00000091 0 190 

93 «290000049 6120000048 4400000048 2*00000091 9100000080 1 190 
8000000090 900000004« 0 130 

94- 3490000045 1000000049 1000000091 0 
94 1920000049 390000004* 7000000090 1000000091 1 151 

91 139000004« 1670000049 2710000049 1918000082 1000000091 0 191 
92 2*2000004 7 2480000049 J88O000091 1000000091 0 191 
93 22OO000047 119000004« 1440000049 9000000091 3000000030 1 191 

300O0OO091 9000000090 0 191 

91 1 I 60000090 I0I000O04« 12*0000049 I||4000O92 0 192 
92 9780000048 29IO0OOO4« 2990000049 900O0O0O91 I0O0O0O091 0 192 
93 288000004* 1810000049 1910000049 3900000090 1 192 

200O0OO091 4000000090 0 132 
2800000091 2900000030 0 133 

94- 74OOO00O47 9300000047 1400000048 0 133 

Z LAMBO FU238 Fu239 CO A FeAI*fen 
193 
153 

94 2110O0004* 2 1 7OO0O048 I4OOOO0O68 1100000091 30O0000049 

9700000090 0 
91 2310000090 42 30000048 54 00000048 1718000092 1000000091 0 A 

92 11*0000090 1«8000004« 2230000049 9800000091 1000000091 0 

93 80*0000048 243000004« 24*000004« 1400000092 2900000090 0 194 

2900000090 0 194 

8400000391 0 194 

S4 00000091 2900000090 0 199 

99 8220000044 273O0OO04T 30380000^.7 8920000090 « 300000080 1 199 

1314000091 700000004« 0 195 

92 2310000090 3040000048 173OO00049 1102000092 0 195 

93 319000004« 184000004» 27OOOOO049 0 193 

93 3190000049 I83900OO4» 2704000049 1300000092 1000000091 0 

94 2880000048 2380000049 1900000049 700 0000091 1000000091 0 136 

99 82*0000041 B64O00OO49 13000000*8 1020000091 «200000090 1 136 

2340000091 8000000049 0 136 

92 34*0000090 7740000048 8*00000048 100000003I 0 15« 

93 1170000090 tI8O000O49 2980000049 1 3780 00 O« 2 1000000091 0 

9* *790000047 2380000049 2300000049 4800000091 1OOOOOOO«1 0 197 

S9 3990000047 1460000049 9800000048 7300000090 1- 137 

930O000O91 I80OO0O090 0 157 

93 2970000090 9970000048 20S0000049 1089000092 1000000091 0 197 

94 1690000049 I99O00OO49 2 740000049 S|*0000091 IOOOOOOO3 I 0 

SS 1220000048 1860000049 I420OOO049 4400000091 1000000091 o 198 

«6 1380000047 4910000048 9000000047 47*0000091 1900000090 0 138 

44*0000091 M0OOO0O90 0 138 

1*40000091 1900000090 0 138 

93 4620000090 798O000048 8400O0O048 1*2*000092 0 199 

94 4330000049 I99OO0O049 2490000049 934000009t 1000000091 0 139 

95 1090000049 2090000049 2230000049 108*000092 IOOOOOOOSI 0 199 

56 6270000044 9200000048 5400000048 2000000091 0 199 

«000000090 290000 0090 0 

57 4790000049 3700000047 440OO00091 
124 000009 1 
2720000091 
2300000091 
1720000091 
840O0O0090 

800000 
140000 
300000 
200000 
I20O00 
180000 

0049 
0090 
0090 
0090 
0090 
0090 

1 
0 
0 
0 
0 
0 

160 
160 
I6C 
160 

S4 4080000090 7230000048 1960000049 1072000092 100000 0091 0 

99 7700000049 192O00OO49 2810000049 8040000091 10OO00 00S1 0 161 

96 6420000047 I42O00OO49 1 390000049 9*00000091 10OOO0 0091 0 161 

97 9070000046 23*0000048 8O0OOOO047 48*0000091 «90000 
90000Q 0049 

0 
0 

161 
161 

96 242OO00044 4700000049 1|*0000091 
8800000090 

300000 
700000 

0090 
0090 

0 
0 

94 4620000090 309CC0004e 8100000048 79*0000091 10000C 0091 0 
93 1160000049 1440000049 24 10000049 1330000092 1OOO00 008 I 0 
96 1920000048 1*40000049 2190000049 2*40000091 1OOO0C 0091 0 
97 1900000047 9070000048 5(00000048 8000000091 10000C 009I 0 

95 3460000090 9380000048 182000 0049 109*000092 IOO00G 0091 0 

56 1160000090 1890000049 2440000049 79200OOO91 1OOOO0 0091 0 
97 608O000047 9000000048 12*0000049 6000000091 I0000C 0081 0 
SB 9830000049 7200000047 8000000047 2800000091 

2 2*0000091 
148000009 1 
100OO00091 

370000 
40000c 
9O00OC 
12000C 

0090 
0090 
0049 
'0090 

0 
0 
0 

99 9830000044 
99 4*20000090 
9* I«80000090 
97 4*2000004« 
98 2810000043 

Fu238 

4 720000048 
1420000049 
11*0000049 
2480000048 

Fu2 

l-IMI-l 

9«      8*90000047      3*00000049 

99 0930000090 
94 34*0000090 
97 77000000*0 
98 3990000048 
99 324000004* 
9* 4*20000090 
97 1730000090 
98 8310000047 
9« 4730000047 

98 8*30000090 
97 3480000090 
98 7T0000004« 
9« 28«0000048 
«0 7230000044 

«I 8320000042 
97 3460000030 
98 9900000049 
9« 8**0000048 
97 4820O00O90 
98 1880000090 
9« 2310000049 
*ti 9*20000046 

81 39*0000049 
9« 2770000O9O 
9« 4*2000004« 
61 7|3000004* 

99 34*0000090 
9« 99000000*9 
*0 7T00000047 
61 7000000049 
62 23*0000041 
9« 4*20000090 
99 |390000090 
60 3890000048 
*l 1*20000047 
99 2310000090 
60 3890000049 
81 1280000048 
82 4100000049 

Z L*M9e 

99 34*0000090 
60 9780000049 
81 3890000048 
9« 34*0000090 
60 1390000090 
61 11*0000049 
*2 4910000047 
*3 129000004 3 

*0 1840000090 
•I 27700000*9 
*2 21*00000*6 
63 9210000044 

60 34*0000090 
41 9330000049 
62 97B0OO0O48 
63 1290000046 

*0 34*0000090 
*l 11*0000090 
62 77000000*7 
43 1920000047 
*1 1980000090 
82 4990000049 
83 9780000047 
84 1070000046 

81 2770000090 
82 46200000*9 
83 9900000048 
•9 I 110000044 

*2 1730000090 
43 3190000049 
64 3210000048 
69 | | 7000004*^ 

-25- 

1670000048 
9280000048 
12*0000049 
9090000049 
1000000047 
9*900000*8 
I 190000049 
7000000048 
80O0OO004T 

2420000048 
8980000048 
8980000048 
2*10000048 
120000004* 

2740000048 
81 90000048 
0*90000048 
920000004T 
9440000048 
7040000048 
29*0000048 

39000000*8 
29*0000048 
9980000G*« 
4200000047 

1300000048 
44(0000048 
3880000048 
8900000047 

2800000049 
33000000*7 
23200000«* 
3380000048 
1420000048 
1*10000048 
239OOO0C48 
11*0000048 
970000004* 

FutM 
98OOOO004T 

I 990000048 
122000004« 
1800000047 
88OOOO004T 
1080000048 
3900000047 
37000000*3 

400O0OOO47 
7400000047 
4200000047 
400000004« 

I 200000047 
«200000047 
3700000047 
B3OO0O004« 

290000004* 
19000 0004 7 
2700C00047 
1 I 00000047 
790000004* 
|600000047 
I 000000047 
1*00000046 

2000000046 
7*0000004* 
800000004* 
160000004 4 

290000004* 
490000004* 
2400000046 
I60Oni      ■•*- 

8800000048 
209000004* 
182000004« 
4900000048 

1898000048 
I 4 30000049 
I9100O0O4« 
9900000048 
80000000*7 
8400000048 
I«0000004« 
1300000049 
2*0000004« 

2*99000048 
106000 0049 
I 280000049 
3 7 00000048 
2000000047 

4440000048 
9900000048 
7000000048 
12SO00O048 
91 I0OO004« 
9 7 30 00 OO 4 8 
1890000048 

3000000048 
294OOO0048 
392O0O0048 
20TOOO0047 

8900000047 
2090000C48 
1*30000048 
490OO0O047 

388900004 7 
I 130000048 
I340O0OO48 
600OO0O047 
3820000047 
696O00O047 
4*40000047 
9*0000004* 

Fu299 

900000004* 
3200000047 
3200000047 
20OO00O047 
1170000047 
I380O000« 7 
62OO000048 
2000000049 

34 30000046 
7340000046 
54|000004* 
8200000049 

IOOOOOOO** 
303OO0O04* 
2700OO004* 
6600000043 

2TT8000048 
I 09000004* 
130000OO4* 
3900000049 
22 30000049 
4 790000049 
39O0OO0049 
5300O00044 

5 | 0.1000044 
1590000049 
1390000049 
17780000*4 

37000000*4 
37800000*4 
149in50044 

36'>0^':0042 

KO 

400U000090 
19*0000091 
194*000092 
4**0000091 
1022000092 
6900000090 
3000000090 
3400000090 
4OO0O00O9I 
«•00000091 
1*00900091 
t 274000092 
1014000092 
8*40000091 
4000000091 
3«OOOOOOOI 
7*00000091 
1*9*00009* 
1800000091 
7400000091 
4*00000091 
1*44000092 
10*0000092 
77*0000091 
99*0000091 
l**0000O9l 
120 0000031 
7*00000090 
4900O00O90 
149*000092 
4T9OO0009I 
•9*0000091 
I 270000092 
»90OO00O9I 
7700000091 
30O0OOOO9I 
2*00000091 
1900000091 
20OOOO0O9I 
6*200000*1 
1148000092 
*10000009I 
4020OO0091 
I09O0OO092 
91*0000091 
39*0000091 
22O0000O9I 
192OOO0090 
7*800000*1 
12**000092 
JO200000*I 
7900000091 
1094000092 
73900O0O91 
9**0000091 
1*40000091 
I4400O0O9I 

KO 
1300O0O0B1 
1*34000092 
470000009 I 
94*0*00091 
1*3*000092 
92OOOO0091 
7480000091 
3800000091 
309OOOO090 
48*0000090 
•3*0000091 
I 104000092 
1800000091 
4800000091 
I000000091 
1032000092 
842 0000091 
9820000091 
200OOO009I 
340O0O0091 
79*0000091 
1212000092 
27*0000091 
9200000091 
9820000091 
8720000091 

190000005 1 
120^00005 1 
1296000092 
370&0O0091 
8200000091 
I74OOOO091 
11*0000091 
9200000090 
3910000091 
792O000C9 1 
?64000009 1 
300U000091 
1 14 0000091 
10*0000091 
9900000030 
M00000090 

A 
800000004« 
IOOOOOOO*I 
IOOOO0O091 
1000000091 
1000000091 
7900000090 
900000004« 
2000000090 
«900000090 
2000000049 
3OOOO00049 
1000000^91 
IOOOOOOO*1 

IOOOOOOO*1 
I00O0O0O9I 
10000000*1 
I0OO00OO91 
7800000090 
2900000090 
1000000091 
I000000091 
1000000091 
1000000091 
6000000090 
1900000090 
2900000090 
100000008I 
I00OO00091 
1O0O000091 
100000009I 
1OOOOOOO«1 
IOOOOOOO31 
1000000091 
3330000090 
333OO00090 
3330000090 

1000000091 
1000000091 
2000000090 
8000000090 
1000000091 
1000000091 

1000000091 
lOttOOOOOl 
1000000091 
10O0000091 

1000000091 

IOOOOOOO9I 
IOOOOOOO*I 
2000000090 
4OOOOOOO90 

A 
«0OOO00090 

1000000091 
1000000091 
10OO0OO09I 
I00O00009I 
I00O000O91 
1000000091 
9000000090 
2000000090 
IOOOOOOO91 
1000000091 
1000000091 
4 000000090 
8000000090 
1OOOOOOO"- 
1000000091 
100000009 I 
7900000090 
2900000090 
1OOO0O0091 
1000000091 
I 000000091 
1000000091 
1000000091 
1000000091 
I 000000091 
8000000090 
2000000090 
1000000091 
I 000000091 
1OOOOO0091 
380000O090 
4200000050 
2200000090 
4 00000004 7 
1000000091 
1000000091 
1000000091 
14 00000030 
4 200000090 
2300000090 
2100000090 

WSEG  RM 19 



MASS YIELD FROM 14 MEV  NEUTRON FISSION OF Ü 
238 

10 

1.0 

0.1 

- 

/ 

t 
t 

r 
\ 

i 

p 
\ 

[ 

1 

> 

' i 
i 

i 

1 
X 

i 
1 

i K- j 7 

\ 

■ t 

I 
■ 1 

1 
1 

* 
1 
1 
1 

70       80       90 100      110       120      130      140 

A. MASS  NUMBER 

150      160      170 

i 

I-21-I0-1 
-26- FIGURE   1 

WSEG   RM   19 



MASS YIELD fROV. FISSION SPECTRUM NEUTRON FISSION OF iPS 

10 

i.o r 

10" 

ir  iG"2 

10 -3 

lO"4 

) 

X 

X 

X 

X 

,,.«1.« 1 
X 

X 

X 

X 

X 

.   \ 
x                X 

) 

- 

X 

X 

X 

X 

X 

X 

t 

X 

X 

X 

1 

X 

X 

X 

11    1    II       1          1              1 

1 
X 

) 

\ 

X 

X 

X 

X 

-    X 

X 

X 

X 

X 

X 

70        80       90       100 110      120      130      140 

A, MASS NUMBER 

150      160      170 

• -2I-I0-2 
-27- FIGURE   2 

WSEG   RM   19 



THE BETA RAYS FROM U235 FISSION BY FISSION SPECTRUM NEUTRONS 

to 10 " 10 10" 10 

KINETIC   ENERGY  (E) IN m0c2 UNITS 

10 

T-2I-I0-I 
-28- FIGURE   3 

WSEG   RM   19 



I 

THE BETA RAYS FROM 14 MEV NEUTRON FISSION OF U238 

S? 10 ^ d 

«o 

10 10 10 10 10 

KINETIC   ENERGY (E) IN m0c
2 UNITS 

10 

WI-IO-T 
-29 - FIGURE   4 

WSE6   RM  19 



< 
in 

e 
10 
i 

'5      \ 

CD 
5« 

Z5 

i^yöf/ wy VWWJ' r/y; ^wy y^ « 

8-22-60-1 

S 

i 
1 

30- 

*«/«« w^ /W0J tus moi JO % 

nGURES5(A)a5(B) 
WSEG   RM 19 



lO 

LÜ 
er 

Li. 

CO 

s 
I 
s 

J-i2-60-2 

MMM Hid iSyiH} ¥131 If 10110 % UOIOII mi tot/it] rjjs inoi JO % 

- 31 - FIGURES  5 (C)a(D) 
WSEG  RM   19 



UJ 

m 
to 
CM 

01 

if) 
0) 

s-a^l-  ' — 

\ 

i 
\ 

% 

^^V^^jsi--— ■——^H 

1 

\ 3 
'^vVK^ 
/   y  V    N -^H 

^^3 
^ 

/ 

• 
■ 1 

iycyw ** mjiii »us mm JO % IdOlOSl UJd 131131)3 H3S IfUi 30 % 

8-22-60-3 -32- FIGURES5(E)a(F) 
WSEG RM 19 



X 
m 
üü 
er 

 * 

_-- s 

_ iZ -fc 

ö 

UMSI tu MHW ms mu JO % uomi VM isujiii ¥iis mot JO % 

«-22-80-4 33- FIGURES5lG)a5(H) 
WSEG RM 19 



tn 

{3 

10 

* \    ux 

 -^Lg 

 H  (. 1 

in 

3 

I 

  N o 

 1 

 o 

■I     — »\ -^   «u 

g 
JM/M/ /* ywy/fi »yy; ;ww.« * jwww/ wy /sms HJS moi JO % 

8-22-S0-5 34 - FIGURES 5(1) a 5(J) 
WSEG RM   19 



■? 

uemi tu wm ust nut JO % miosi tid mj*} *ua wot JO % 

8-22-60-6 35 - FIGURES 5(K)a5(U 
WSEGRM 19 



" 

I 

. 

1 
in 

8 

a» 

r\ 
^\ 

X 

\ 

vk 

^ 
^ 

^z -^^     1 

A        N S „-i^—--^ 

S M 
v \     \ ^^   ^^ sfe & 

»A \ 

' 

^ fx 
\^4 

\\ 

MOIOSI UJJ mjHJ rjje nm JO % idomt nid mw rise mm JO % 

«-22-80-7 -36- FIGURES 5(M)a5(N) 
WSE6 RM  19 



JdOlOSI Hid iSUJH] HJS moi JO % jdoiosi aid mw HIS moi JO % 

8-22-60« 
37 - FIGURES 5(0) a IP) 

WSEG RM 19 



? 

s 

a 
§ 

_   S 

8-22«0-9 - 38 - FIGURE 5(Q) 
WSEG RM 19 



(O 

O 
ü: 

at 
t- 

I 
< 

m 
ID 

s 
I 

^ 

i? 

iA 
-,. 

Y^ 

\ 

Pi i \J1 
\\ 

11 

[ 

AV/^iv w</ v^w*y HM itwi IO « Ä/i'/tfsv HU mini >i w ivwi w % 

«-22-60-10 
39 - FIGURES 6(A)a6(B) 

WSEG RM   19 



utiosi »id /siM} mi moi JO % jMosi tu mm ¥j3i mu JO % 

8-22-80-11 40 - FIGURES 6(C) & 6(D) 
WSEG RM   19 



(O 

=3 

o 

8 

% 

\ 
s 

^ 

3 

-y € 
\ h ̂o^1—i^— 

^=== 

^S 
1 K 

\ '! j \ 

i 1 
JM/MV Wo" iW/W «/f 7««/ /^ « yycyw/ Wie yji«^ WJ» ;ry<;; y^ » 

8-22-60-12 41 - FIGURES 6(E)a6lF) 
WSEG RM 19 



o 

UJ 
ac 

g 
s 

3 

./«ww/ wy iwy>ry «jr 7wy JO % MOMS/ tu mm HIS moi JO % 

»-22-«0-IJ - 42 - FIGURES  6 (G)  & 6(H) 
WSEG RM 19 



"«»p""»    J 

iß 
ÜJ 

8 

2 

i < 

^ -"- 
—'  

s \ 

-— ̂ l 
\ 

^v   ii 

M S 
\ 

<r S Ä ■^r^*       J 

fe ill 
M Ü 

1                                       M -4 
i 

1   Mi n\i 

to 

o 

§ 

O 

n  / 
** 1 

\ 
\, 

> 

N\ 

\ 

■-( 

jj 

^ M 
\ 

1 s S 
Ä s 

1 1 

^ 111!     1 

/.rtWiv «/ v^y/f^ wyy jrjoj IO % 

8-22-60-14 

3d010SI Hid i5ll311] fUS IMJ /0 % 

43 - FIGURES 6(I)a6(J) 
WSEG RM  19 



LÜ 

g 

10 
UJ 

8 

i^y<7f/ Wo' vmcy ryy^ /cy^y ye * MJßS/ Hid iOUlH} UM inoj /o % 

8-22-60-15 44 FIGURES 6(K) ö 6(L) 
WSEG RM 19 



CD 
to 
LÜ 
o: 
3 
O 

SU. 

^X 

\ 

N !i( A 
v»»-. ■"" 

V N •^l^"^ y^    -^ ^ 
/       '^-^ 

^-fV-^v^ 

— —"■" 

«•/N^^^ 

g — 
A               N ^^xr 

3 if \      ^i>c      ^ — 

K^      \ 

üBiü   ̂ l 
-^r 

if/   \\s^^ s 
•» /     yO<r\  ■— -^ — 

^— 
^ ̂  

^ 
* \   \ ^s^^ s 
^X \l/\ ^v _—rr^aS 1 

^^ ̂ s 
--NsVs N ^V_, 
\  •"C ^v/v^X^                        V**   ^^■ ̂—^^ ̂ ^S^" 

^ 
5, 

N, 
\ X 

f.\ \ 

VuiV    •" 

^ V 
\ 
\ 

-A» \ \ \ v   W \ 
\ \ s \ \   \ ; \ 

a) \ \-\ \   \ \ \ 
(O \ \\ -' \   \ \ \ 
2 \ \   ' \ \ 
£ 11   I m 11    1 1 
12 i • < 1   1 

ÜJ 

u. _- 
■ 

// 

-i v»1                  - 

^ 

(I 
K 

■—                  N xl 
rX ^ ^1 

§ 
x; \ 

"v         ^""^ 

y    S. ^^^ ^^ 
3 

V N, ^ w 
r^^ 

V 
is^^ 

-ff ^s ^^ 

\A ^^ ^13^ 
\ 

^ V ^S 
% 

^ 

^ ' 

i 
) w^ \ 

*- 
o 

\ II \ 
< 1 u 1 1 1 

g 
*«/«/ yjd dim»} fin moi /o % uojosi nid mm3 ms ittoi JO % 

8-22-60-16 45 FIGURES 6(M)a6(N) 
WSEG RM 19 

J 



o 

UJ a: 

? 

» 

c 
v\ 

i^J 

g 
'i 
\      ■ 3 

'|V J^H 
a /   \ ^y 
\ ] ä - ( 

II-          \     V\^/     X    " 

I1 -iYJ ̂  

il 

Q. 

CO 

UJ a: 
o 

00 

CM 

5 

r\    i. 

] 

^_l 

1 < ''V 
\ \N 

'tyN. 

A 59 
\      v\\ SJ S 
fl 

1                       11 11 

ueitsi HM iomm rjis mot JO % UOJOSI nid mm tus nioi JO % 

8-22-60-17 - 46 FIGURES 6(0) S 6(P) 
WSEG RM 19 



3 
CM 

3 

\        1 

N i \^J- 

K s^        ^"l                          l*> 

i 

■4 

s( ;" 

1   • h*i" \i 
E 1 

JW/M/ «</ mit} uu nm JO % 

«-22-60-1$ - 47 - FIGURE   6(Q) 
WSEG RM 19 



- ■» wtmmm 

u 235 

i. 
: 

•^«v : ^V 
- 

N V 
• 

10« 

IO"» 

. x 
i - N 

\ 
■^ X 
| 

5 io-« 

• 
\ 

\ 

1 : 
\ v 

5 
io-' 

IO'« 

io-» 

• 
\ 

53 : 
\ 

\ 

i 
8 

' 

\ s. 
I \ 

IO*« 
- \ k 

: \ 

i IO"« 
- 

\ 

i : \ v 
IO'* X 

: 

IO'" 

1 1 1 1 U 111 i i 111 ■■■■ 1 t_i  i i illi   ■■ 1 L i I i mi 1    1  1IIIU 

10 10 10 10 10 10' 10 10' 10' 

TIME (SEC.) 

I-22-I0-1» 
-48- FIGURE   7 

WSEG   RM  19 



u 238 

10"' 

r     ! 

I 
\ 

to-« \ 
j \ 

\ 

to-» 

10-« 

\ 

1 
- - N 

\ 
E 

\ 

1 
lO'» 

> 

\ 
■ 

\ V 
^ 

I0-« 

lO"« 

lO*» 

\ 

2 

" 

\ 

<» 
^ 

2 
^ 

': 

S 
: 

\ 

I \ 
\ 

lO10 \ 
: 

lO"" 

- 

= 
: 

IA-12 L          1      1    LLLLU [           1      J   1   11 111 l                       1            J        1     1    1111 1 1 ■  i  iJ iliil    -i-i  in 111 i        1    1 i I nil .     ...i    1  ii lilt 1         1     1    1   1111 i    i   . > i .n i           .      ■   i  1 mi 

10 10 10 10 10 10 10 10' 10' 

TIME (SEC.) 

• -22-I0-20 
-49- F1GURE   8 

WSEG   RM   19 



»imuMn 

u 235 

«: 10-» 
^ 

* 
ku 

Q I0*« 
«e 

h 
*<i 

5 IO-' 

s 
Uj 
«a 

-j IO-« 

TIME (SEC.) 

1-22-10-21 
-50- FIGURE   9 

WSEG   RM   19 



u 238 

II 

1 1. 

IO-' 

o 

£  IO"« 

* 

IN 

g  io-« 

I. 
^  io-» 

s 
IO« 

10* 

i<ni 

> 
■ "N 

\ 

■ 
■ 

\ 
V 

> 
\ 

\ 

. 

> 

\ 
[ 

\ 
\ 

\ 
V. 

: 

\ 

\ 

'■_ 

> 

\ 

1      l   i i r mi 1     i   iiinn 1     '  ■ ■ ■■■" 1 1   ■ 1 1     1  i Hill 1     ill mil 

\ 

10 10' 10 10 10 ID • IO1 IO» 10 • 

TIME (SEC.) 

• -H-I0-22 
-51 FIGURE   10 

WSEG   RM  19 



u 238 

E   (KINETIC   ENERGY   IN m0c2UNITS) 

1-22-10-2} -52- FIGURE   11 
WSEG   RM  19 



u 235 

E   (KINETIC  ENERGY   INm0c2UNITS) 

l-H-M-24 
-53- FIGURE   12 

WSEG   RM  19 



u 235 

.ss 

.60 

.55 

.50 

45 

.40 

.35 

&    30 

.25 

.20 

.15 

.10 

.05 

K 

1 rt 
! 

if 
1 1 

r-   

h TT 
■| 

\\ 

!:   / \ \ 

J-W \ \ 
1: :.|] ,«*   VT, 

i| 

\ 

In K 
  

ir 1   i: i \ I 
i \ h 

r     1: ; l> 
1-1 1      1; 1      \ M 

1   \ 
^ 

■M 
(1)           l-OSacand 

* 
/ •' \ r\. W                             1.3* 

/ i   M N «)                         143.84 / (S)                     1,310.7 l \   \ \-*- («)                   10,46S.I 
.' \ Jr^^ (7)                  1*7,772 

1 yf\   ^ (•)              1,342,177 
:    / \   \   * X (9)            10,737,418 

\   \   \ SX 
1 / \ JS \s ^^ 

\ i 1 

IA > 
\ <A ^ ^- 

\ / \ \y^     s 

^ 
^ \ xi "^ 

W i A \ \ 
>> 

S ^5 ̂ ^ 
i/ / /      (3)/ j«2 V. r\. \ ^ ^***XS ^*^**, ̂ -J/J 

\\ / L^^ k     ' k  - ^v x ^^.^ 
^ 

■^^ 

r/ a r X kx x ^^ 
~^X6J V^ "^ ̂ -, ̂ , C3 

yr ^«^. l*v Vss? 1 r     ^^ 1 ' j 

10 12 14 

E   UIHETIC   EMERfiY IM m0c
2 UMITS) 

1-22-10-25 -54- FIGURE   13 
WSEG   RM  19 



u 238 

I S « T 8 9 10 It t2 1) U 

E  IMNETIC   ENERGY   IN m0c2 UNITS) 

1-22-10-21 
- 55 - FIGURE  14 

WSEG   RM   19 



NUMBER OF BETA RAYS PER FISSION PER ENERGY INTERVAL  U235 

« 
C 

*-      ift-2 

2 3 4 

BETA   ENERGY  (MEV) 

1-21-10-1 
-56- FI6URE  15 

WSEG   RM   19 



UNCLASSIFIED 

UNCLASSIFIED 


